Introduction
============

The development of thyroid cancer is closely related to a variety of factors, papillary thyroid carcinoma (PTC) ranks highest in incidence amongst thyroid cancers; epidemiological surveys have shown that the incidence of PTC has a rising trend, and that it occurs more frequently in women ([@b1-or-38-05-2735]--[@b3-or-38-05-2735]). Even with recent advancements in medical technology, PTC is difficult to diagnose at an early stage because of its insidious onset devoid of clinical symptoms, leading to its poor prognosis at the time of diagnosis.

A common treatment for PTC includes surgical resection followed by radioactive ^131^I therapy and other chemotherapeutic drugs ([@b4-or-38-05-2735]--[@b6-or-38-05-2735]). Molecular biology research has made microRNAs (miRNAs) a hotspot in the medical and life sciences, and a large number of studies have shown that miRNAs are closely related to the development and progression of multiple cancers ([@b7-or-38-05-2735],[@b8-or-38-05-2735]). A recent study found that the overexpression of miR-146a can significantly increase the incidence of ovarian cancer, and that clinical treatment with a drug blocking miR-146a expression can significantly increase the survival time of patients ([@b9-or-38-05-2735]). Also, the expression of miR-146b is associated with the occurrence of breast cancer, and is closely related to the proliferation and migration of breast cancer cells ([@b10-or-38-05-2735]).

The IRAK family proteins participate in the TLRs/IL-1 signaling pathway, that is involved in intracellular signal control and the inflammatory response. The IRAK1 protein is closely related to the development of inflammation and tumors. However, there are no reports on the relationship between the expression of miR-146a and miR-146b in PTC and whether IRAK1 protein is involved in their regulation.

In this study, the expression levels of miR-146a and miR-146b in PTC tissues were quantified, and statistical analyses were performed looking for possible associations to clinical and pathological features and prognosis of patients. Additionally, siRNAs were used to transfect TPC-1 cells in order to knock down their expression levels of miR-146a and miR-146b and compare their proliferation and migration abilities.

Materials and methods
=====================

### Subjects and biological samples

The samples (73 in total) in this study were selected from PTC tumors removed by surgery and confirmed by pathology from patients admitted to Yidu Central Hospital of Weifang from September 2013 to September 2015. The patients ages ranged from 38 to 67 years, there were 34 males and 39 females; all patients were cleared from other severe diseases and all signed informed consent forms. All patients presented complete clinical and pathological data. Cancer-free tumor adjacent tissue samples (at least 5 cm away from tumor) were also examined as negative controls. All patients underwent standard treatment and were followed up for 1-year after diagnosis. Samples of cancer and adjacent tissue from each patient were stored in liquid nitrogen. The study was approved by the Ethics Committee of Yidu Central Hospital of Weifang.

### Semi-quantitative RT-PCR detection of the expression of miR-146a and miR-146b in cancer tissues

Tissue samples were taken out of the liquid nitrogen storage and thawed. The total RNA was extracted from each sample according to the instructions on the TRIzol kit (Invitrogen, Carlsbad, CA, USA). The quality of the resulting RNA samples was confirmed by agarose gel electrophoresis. The gels showed clear and distinct 28S, 18S and 5S bands with the brightness of the 28S band being about twice that of the 18S, indicating that the RNA was intact and could be used for subsequent experiments. Then, cDNA was produced using a reverse transcription kit (Invitrogen), and the expression levels of miR-146a and miR-146b in cancer and adjacent tissues were detected by semi-quantitative PCR using a SYBR ExScript™ RT-PCR kit (Takara Bio, Shiga, Japan), using β-actin as internal reference gene. The PCR reaction conditions included 35 cycles of 95°C for 30 sec for denaturation, 64°C for 25 sec for annealing, and 72°C for 30 sec for extension. Primers were synthesized by Tiangen Biotech Co., Ltd. (Beijing, China) and the sequences are shown in [Table I](#tI-or-38-05-2735){ref-type="table"}. After the amplification, agarose gel electrophoresis was performed and the gel was observed using an UV imaging system. Each RT-PCR experiment was repeated at least three times for statistical analysis.

### Construction of miR-146a and miR-146b low expression cell lines

miR146a-siRNA, miR146b-siRNA and its corresponding control sequences were designed and synthesized by Toyobo Co., Ltd. (Osaka, Japan). Proliferating TPC-1 cells (Chinese Academy of Sciences Shanghai Cell Bank) were transfected with the synthesized siRNAs. After 48 h, total RNA was extracted from the cells and cDNA was obtained by reverse transcription, the expression of miR-146a and miR-146b was detected by semi-quantitative RT-PCR. Successfully transfected cells were placed in incubator and cultured at 37°C, 5% CO~2~ for subsequent experiments. The expression levels of miR-146a and miR-146b were low in the miRNA-transfected cells but not so in the ones transfected with negative control siRNAs.

### Detection of the effect of low expression of miR-146a and miR-146b on TPC-1 cells

#### MTT assays for proliferation of thyroid papillary carcinoma cells

The MTT assay was used to compare the proliferation of the different siRNA-transfected TPC-1 cells. MTT (Sigma-Aldrich, St. Louis, MO, USA) was prepared at 5 mg/ml. Ninety-six-well plates with 3×10^4^ cells/well were incubated for 48 h before adding MTT. Then, after 4 h of incubation, the medium was discarded. Dimethyl sulfoxide (DMSO) (Sigma-Aldrich) was added to each well and the absorbance values were measured at 570 nm using a microplate reader (Eppendorf, Hamburg, Germany).

#### Transwell migration assays for transfected papillary thyroid carcinoma cells

Transwell assays were performed to investigate the effect of low expression of miR-146a and miR-146b on the migration of papillary thyroid carcinoma cells. After 24-h starvation, the cells were adjusted to a concentration of 5×10^5^ cells/ml and added to the Transwell chamber. The number of cells passing through the chamber was calculated under a microscope (Olympus, Tokyo, Japan) after dyeing and fixing ([@b10-or-38-05-2735]).

#### Detection of the expression level of IRAK1 protein by western blot analysis

The samples from the papillary thyroid carcinoma tissues and adjacent healthy tissues were taken out of the liquid nitrogen. The tissue was cut with scissors, and the cells were homogenized in lysis buffer. After centrifugation 2,600 × g for 5 min, the supernatant was transferred to a fresh tube to save the soluble protein. A Protein Quantification kit (Millipore, Billerica, MA, USA) was used to quantify the extracted protein, and the protein samples of similar concentration were prepared. The samples were loaded onto SDS-PAGE and then transferred to a western blot membrane. After a standard transfer, the membranes were blocked and washed before adding the rabbit anti-human IRAK1 polyantibody (dilution, 1:1,000; cat. no. 06-872; Millipore) for overnight incubation at 4°C. Next morning, the membranes were washed 3 times with TBST before adding the goat anti-rabbit peroxidase polyantibody (dilution, 1:5,000; cat. no. A0545; Sigma-Aldrich, St. Louis, MO, USA) and incubating at room temperature for 2 h. The membranes were then triple washed with TBST. Finally, the chemiluminescent signals were visualized and the target protein bands were scanned for analysis. The expression of β-actin was used as an internal reference (rabbit anti-human monoantibody; 1:5,000; cat. no. A5060; Sigma-Aldrich); the sheep serum for blocking from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA, USA).

#### Statistical analysis

The data in this study were expressed as mean ± standard deviation values. The SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was used for statistical analyses. The measurement data were analyzed using the t-test. Comparisons between groups of enumeration data were analyzed by the χ^2^ test. The homogeneity of variance test was performed, if the variance was homogeneous, the comparison between two was conducted using the Bonferronic method, if the variance was not homogeneous, then the Welchs method was adopted. Additionally, the Dunnett\'s T3 method was used for multiple comparisons, and the Pearson correlation statistical analysis for correlation analysis. A P\<0.05 for any given difference was considered as statistically significant.

Results
=======

### miR-146a and miR-146b expression levels in PTC patients

The expression levels of miR-146a and miR-146b in cancer and adjacent healthy tissues of PTC patients (73 samples each) were detected by semi-quantitative RT-PCR. The results showed that the relative expression of miR-146a and miR-146b in cancer tissues was significantly higher than in the healthy tissues (P\<0.01), as shown in [Fig. 1](#f1-or-38-05-2735){ref-type="fig"}.

### Relationship between the expression levels of miR-146a and miR-146b and the clinicopathological features and prognosis of patients

The expression levels of miR-146a and miR-146b in the tissues of papillary thyroid carcinoma detected by ELISA were recorded to find any possible correlations with patients age, tumor size, clinical stage or other clinical features, and the results are shown on [Table II](#tII-or-38-05-2735){ref-type="table"}. The relative expression of miR-146a and miR-146b in peripheral blood of PTC patients does not correlate with age, GA125 or FIGO staging (P\>0.05). However, the relative expression correlates with the presence of lymph node metastasis and cancer recurrence (P\<0.05). The expression levels were used to classify the data in groups with either high, normal or low expression levels of miR-146a and miR-146b. During the follow-up year, it was observed that the survival time of the patients with high expression of miR-146a and miR-146b was significantly shorter than that of the patients in the normal or low expression groups (P\<0.01). The survival curves can be seen in [Figs. 2](#f2-or-38-05-2735){ref-type="fig"} and [3](#f3-or-38-05-2735){ref-type="fig"}.

### Construction of miR-146a and miR-146b low expression TPC-1 cell lines

The expression of miR-146a and miR-146b in thyroid papillary carcinoma cells TPC-1 were downregulated using a standard siRNA method. Next, total RNA was extracted and the expression was detected with semi-quantitative PCR after reverse transcription. The results are shown in [Fig. 4](#f4-or-38-05-2735){ref-type="fig"}. Compared with the cells transfected with siRNA-control, the expression of miR-146a in the miR146a-siRNA transfected cells decreased to 17.82±3.42% (P\<0.01). The expression of miR-146b in the miR146b-siRNA cells decreased 23.67±5.83% (P\<0.01), indicating that the miR-146a and miR-146b knock-down TPC-1 cell lines were successfully constructed.

### Effects of low expression of miR-146a and miR-146b on cell proliferation

The MTT assay was used to determine proliferation of the knock-down cell lines, as shown in [Fig. 5](#f5-or-38-05-2735){ref-type="fig"}. The numbers of cells in the miR146a-siRNA and the miR146b-siRNA group were significantly lower than the number of cells in the siRNA-control group (P\<0.01).

### Effects of low expression of miR-146a and miR-146b on cell migration

The Transwell assay was used to assess cell migration on the miR-146a and miR-146b knock-down cell lines, the results are shown in [Fig. 6](#f6-or-38-05-2735){ref-type="fig"}. The migration ability of cells in the miR146a-siRNA and miR146b-siRNA groups was significantly lower than the migration ability of cells in the siRNA-control group.

### Detection of the expression of IRAK1 protein by western blot analysis

In order to investigate the effect of miR-146a and miR-146b on the expression of IRAK1 protein, the expression levels of IRAK1 protein in cancer and healthy adjacent tissues of patients with papillary thyroid carcinoma was detected by western blot analysis. The results are shown in [Fig. 7](#f7-or-38-05-2735){ref-type="fig"}. Compared with the normal tissues, the expression level of IRAK1 protein in the cancer tissues was significantly decreased (P\<0.01).

Discussion
==========

The regulation of miRNAs on human pathological and physiological processes is done in the body mainly through the expression of proteins during and after gene transcription. miRNAs can induce abnormal metabolism of tumor cells by influencing their transcription and translation processes ([@b11-or-38-05-2735],[@b12-or-38-05-2735]). High expression of miRNAs causing abnormal proliferation and migration of tumor cells can induce cancer, however in other cases the role of miRNAs can be tumor suppression ([@b13-or-38-05-2735]). In studies of miRNAs, it has been observed that miR-146a expression is significantly higher in a variety of tumor cells than in normal tissues, and miR-146a is mostly involved in inflammation ([@b14-or-38-05-2735]--[@b16-or-38-05-2735]). A study found that breast cancer cells expressing high levels of miR-146a were more prone to distant metastasis than tumor cells with low expression levels of miR-146a ([@b17-or-38-05-2735]). Other researchers using an animal sarcoma model also found that miR-146a can affect the proliferation and migration of tumor cells, and that proliferation and migration were significantly decreased after knockout of miR-146a ([@b18-or-38-05-2735]). At present, there are relatively few studies on miR-146b. A research group found evidence for a role of miR-146b on the pathogenesis of colon cancer, where the possibility of colon cancer in miR-146b overexpression patients is significantly increased ([@b19-or-38-05-2735]).

In this study, it was found that the expression levels of miR-146a and miR-146b were closely related to the occurrence of PTC. This indicates that regulating the expression of miR-146a and miR-146b may be a valid therapeutic strategy against cancer. The prognoses of patients with normal or low expression of miR-146a and miR-146b were significantly better than those of patients with high expression levels. The study of the relationship between the expression of miR-146a and miR-146b and PTC clinicopathological features showed that the expressions of miR-146a and miR-146b was closely related to the metastasis and recurrence of PTC (P\<0.01). miR-146a and miR-146b may lead to PTC recurrence and metastasis by affecting the proliferation and migration ability of papillary thyroid cancer cells. At present, there is evidence that miR-146a and miR-146b are mainly involved in inflammation processes ([@b19-or-38-05-2735]). Therefore, the regulation of inflammation by these two genes may also affect the progress of PTC. Western blot analysis showed that miR-146a and miR-146b could significantly increase the expression of IRAK1. Other researchers found that miR-146b can upregulate IRAK1 expression and plays a role in the inflammatory response in ovarian cancer ([@b20-or-38-05-2735]). However, the mechanisms by which miR-146a and miR-146b regulate the expression of IRAK1 protein and their effects on the occurrence and prognosis of PTC is not clear at present.

In summary, miR-146a and miR-146b were highly expressed in PTC cancer tissues; and the prognoses of patients were related to the levels of expression of both miRNAs in cancer cells. The relative expressions of miR-146a and miR-146b should be useful as molecular markers for PTC screening, and the miRNAs could provide new targets for the clinical treatment against PTC.

![Relative expressions of miR-146a and miR-146b in cancer and adjacent tissues of papillary thyroid cancer patients by semi-quantitative RT-PCR. (A) Agarose gel electrophoresis; (B and C) relative expression levels of miR-146a and miR-146b, the relative expression of miR-146a and miR-146b in cancer tissues was significantly higher than in the adjacent tissues in papillary thyroid carcinoma patients (\*\*P\<0.01).](OR-38-05-2735-g00){#f1-or-38-05-2735}

![Relationship between the expression of miR-146a and the survival time. The survival time of the high miR-146a expression group was significantly shorter than that of the normal or low miR-146a expression groups, (P\<0.01).](OR-38-05-2735-g01){#f2-or-38-05-2735}

![Relationship between the expression of miR-146b and the survival time. The survival time of high miR-146b expression group was significantly shorter than that of the normal or low miR-146b expression groups (P\<0.01).](OR-38-05-2735-g02){#f3-or-38-05-2735}

![Semi-quantitative RT-PCR to verify expression levels of miR-146a and miR-146b in TPC-1 cell lines. (A) miR-146a expression; (B) miR-146b expression.](OR-38-05-2735-g03){#f4-or-38-05-2735}

![Cell proliferation detected by MTT. (A) Effect of low expression of miR-146a on cell proliferation, the number of cells in the miR146a-siRNA group was significantly lower than that in the siRNA-control group (\*\*P\<0.01). (B) Effect of low expression of miR-146b on cell proliferation, the number of cells in the miR146b-siRNA group was significantly lower than that in the siRNA-control group (\*\*P\<0.01).](OR-38-05-2735-g04){#f5-or-38-05-2735}

![Cell migration ability detected by Transwell assay. (A) Effect of miR-146b knock-down on the migration of TPC-1 cells; (B) effect of miR-146b knock-down on the migration of TPC-1 cells (\*P\<0.05, \*\*P\<0.01).](OR-38-05-2735-g05){#f6-or-38-05-2735}

![Western blot detection of IRAKI protein expression levels. (A) Western blot analysis, lanes 1 and 2 show papillary thyroid carcinoma samples; lanes 3 and 4 show the coresponding adjacent tissues. (B) Relative expressions of IRAK1 protein, compared with the adjacent tissues, the expression level of IRAKI protein in the cancer tissues of papillary thyroid carcinoma was significantly decreased (\*\*P\<0.01).](OR-38-05-2735-g06){#f7-or-38-05-2735}

###### 

PCR primers.

  Gene       Sequence
  ---------- -------------------------------
  miR-146a   F: 5-ATCCACCTTGACGATGCTTTAC-3
             R: 5-TTCAGATGTTCTAAGCCTACGG-3
  miR-146b   F: 5-TGGCCCTCGTAGCCTTGAGGAC-3
             R: 5-CCAGTGCTGCAGGGTCCGAGGT-3
  β-actin    F: 5-GATGATTGGCATGGCTTT-3
             R: 5-CACCTTCCGTTCCAGTTT-3′

F, forward; R, reverse.

###### 

Relationship between the expression of miR-146a and miR-146b and different clinical features of PTC patients.

  Item                   n    miR-146a expression   P-value   miR-146b expression   P-value
  ---------------------- ---- --------------------- --------- --------------------- ---------
  Age (years)                                       0.0692                          0.0782
    ≤50                  37   5.98±1.33                       3.53±1.08             
    \<50                 36   6.16±1.28                       3.85±1.12             
  GA125 (U/ml)                                      0.0619                          0.0873
    ≤35                  43   5.87±1.08                       5.63±1.62             
    \>35                 30   6.16±1.22                       5.57±1.29             
  FIGO staging                                      0.0538                          0.0686
    Stage I--II          28   6.29±1.39                       6.08±1.19             
    Stage III--IV        45   6.89±1.87                       5.95±2.01             
  Lymphatic metastasis                              0.0078                          0.0097
    Yes                  36   6.76±2.01                       6.73±1.78             
    No                   37   3.58±1.96                       2.17±1.05             
  Recurrence                                        0.0086                          0.0176
    Yes                  17   5.97±1.86                       5.32±1.25             
    No                   56   2.38±1.29                       3.17±1.03             

[^1]: Contributed equally
